Abstract-Giant
INTRODUCTION
The Giant Magnetostrictive Material (GMM), with the properties of fast response, great energy density and high Curie temperature, has potential uses in fields of flow control, active vibration control and precision machining, especially in designing of the high speed servo valve working in high temperature and high frequency circumstance. The Giant Magnetostrictive Actuator (GMA) is one of the most important applications of GMM, which could output tiny displacement in nanometers as well as a large force. This component can be applied on the advanced servo valve and precise flow control could be realized through the precise position control approached by GMA. As the bandwidth of GMM is very wide, this valve could be applied in high speed hydraulic control [1] . Modeling of GMA is very significant in the precise control of its displacement, while it is very hard to obtain a model because of its complex hysteresis and multifield coupling environment [2, 3, 4] .
The modeling of the hysteresis of GMM divides into two approaches: physics-based and phenomenon-based hysteresis models. The physics-based model focus on the physical insight of hysteresis, so it can only be used in the systems with their substantial physics knowledge gained. One of the most well-known physics-based model is J-A model, which is derived from a series of macro magnetic formulation. This model describes magnetostriction as a process of domain wall motion [5, 6] . The phenomenon-based hysteresis models deal with the hysteresis as an abstract mathematic description instead of providing a physical insight, so they are used more extensively than physics-based models. Recently researching works are focus on the nonlinear property study via modern numerical method such as neural network or genetic algorithms [7, 8] .
Whereas the nonlinear model of GMA is not used so extensively for the classical control theory is based on the linear time-invariant system, therefore the design of classical controllers such as PID controllers is prevented. Moreover, for real-time applications, the complexity of model may leading to tough hardware measurements without leading to any appreciable improvement in performance. Thus a simple and effective linear model of GMA is very significant to engineering application of GMM [9] .
So far, literature on this field mainly focus on the modeling on GMA alone, instead of the whole GMA system including constant current sources [10, 11] . Literature regard the whole GMA system as a first-order inertial system; Literature derived the third-order model of GMA system, but only the first-order approximation is identified. Whereas, in precise position control, the object is the whole GMA system, which is a series structure of GMA and constant current source. Because in practical applications, the digital input of constant current source is much easier to be controlled comparing to the current of actuator. The structure of GMA system can be described as Fig.1 . 
II. MODELING DISPLACEMENT

A. Actuator Only
Kinetic model of GMA is shown in Fig.1 , m M , k M and c M denote the quality, equivalent stiffness and damp of GMM rod. m 2 , k 2 and c 2 denotes the equivalent quality, stiffness and damp of the load. Set the static Equilibrium point as origin point, the dynamic differential equation is derived as Eq.(1) 
With the bias field exerted, the GMA could be considered working in the linear interval, so Eq.(3) could be expressed as
Where, d 33 denotes the magnetic-mechanic coupling coefficient; N denotes the turns of coil. In this way, the transfer function of GMA could be expressed as
Where, X(s) and I s (s) denotes the Laplace transform of x 2 and I,
B. Whole actuating system
GMA system is a series structure of constant current source and GMA, which is described as Fig.1 . It is the component producing tiny displacement in GMM applications. With the extraordinary complex of its structure, the method of system identification should be introduced to approach the model of GMA system. The constant current source could be regarded as a firstorder inertial part, the transfer function is:
Then the transfer function of whole GMA system is
For GMA system, with the same input current and pre-stress, the system could be regarded as a time-invariant system. While because of the complexity of the GMA structure and constant current source structure, the parameters in Eq. (7) cannot be tested easily. In this paper, levy method is applied to identify the model, however, a model with time delay cannot be identified by traditional levy method. Thus the model should be transformed firstly. Eq.(7) could be transformed as 
Then, an estimate of ( ) G s could be expressed as 
, thus real part of With a multi-peak distribution appeared, the global search capability of the optimization algorithm should be considered avoiding to get a local optimum solution only. 
(1 ) The main devices of experiment include: Picoscope2203 acts as signal generator and data acquisition; displacement sensor is selected as CWY-DO-500, it is an eddy current sensor produced by Yangzhou Radio Plant; the amplifier is selected as YE5874 which is also produced by Yangzhou Radio Plant, the feedback method of amplifier could be altered between voltage mode and current mocde, as current feedback method selected, the amplifier acts as a constant current source.
Considering that the frequency components of square wave is very wide, allowing to excite most of the frequency components of GMA system; and in practical use, the driving signal of servo valve is PWM signal, thus a series of square waves with different pulse width and duty circle are chosen as the exciting signals, the corresponding output displacements are tested. With the excitation, the simulated outputs of proposed model are obtained in SIMULINK. Compared with the real test displacements, the effectiveness of proposed model is valided. In this paper, the linear model of GMA system is derived, the traditional levy method is combined with Genetic Algorithm to identify the proposed model, and its effectiveness is tested by a series of open-loop experiments. traditional linear time-invariant system model of the GMA can't describe the actuator displacement accurately. First order inertia and delay links are employed to predict the time delay and changing law more effectively. The correctness of the model are verified by a series of experiments.
